Abstract-In adults, initial stages of hypertension are associated with elevated sympathetic drive and significant alterations in indirect autonomic markers. There is growing evidence that children in the highest-pressure percentiles will be more likely to develop hypertension in adulthood, although mechanisms are not understood. We assessed whether computer analysis of RR interval and arterial blood pressure variability could detect early autonomic alterations in childhood hypertension, as assessed by noninvasive time and frequency domain measures of baroreflex regulation. We studied 75 children, subdivided in 3 subgroups of similar age (9.7Ϯ0.2 years): control subjects, prehypertensive children (ie, children with arterial pressure values Ͼ90th and Ͻ95th percentile for age, gender, and height), and children in the hypertensive range (ie, Ͼ95th percentile; systolic arterial pressure: 97Ϯ3/57Ϯ2, 121Ϯ5/70Ϯ1, and 128Ϯ2/ 80Ϯ2 mm Hg, respectively). We observed that hypertensive children demonstrate a significant impairment of the baroreflex as compared with control subjects (index ␣: 20Ϯ2 and 40Ϯ4 ms/mm Hg; spontaneous baroreflex slope: 20Ϯ2 and 37Ϯ5; ms/mm Hg; PϽ0.05 in both cases) and reduced RR variance. A similar baroreflex impairment is also observed in children whose arterial pressure falls short of this limit, ie, in the prehypertensive range. In conclusion, hypertensive children display a marked baroreflex impairment. A similar baroreflex impairment is also observed in the prehypertensive state. Baroreflex assessment could furnish additional information in the clinical assessment of pediatric hypertension. Key Words: hypertension Ⅲ pediatrics Ⅲ baroreceptors Ⅲ autonomic nervous system Ⅲ lifestyle C ardiovascular diseases represent the major cause of death and disability in the global world, involving not only the Western affluent societies but also the emerging low-middleincome countries. 1,2 Accordingly, the scientific community is expressing a growing effort to find new strategies capable of implementing successful primary prevention. 3 In this context, recent epidemiological studies compellingly indicate that early application of lifestyle changes should be preferable to drug only-based prevention. 4, 5 This approach may be particularly appropriate in hypertension because of the wellrecognized continuum of increased risk, even if pressure values are within the reference range. 6, 7 Hypertension, in addition, interacts with overweight and obesity to produce a supra-additive rise of risk, which can be attenuated, if not normalized, by diet and exercise. 5,8 -10 The idea that early prevention, 11 rather than treatment, should form the basis of a medical approach to chronic illnesses, calls for attention to childhood antecedents of cardiovascular conditions. 12 In this context, childhood hypertension 13 might represent an interesting area of exploration because of the growing evidence that children in the highestpressure percentiles will be more likely to develop hypertension in adulthood, as dictated by the tracking hypothesis. 14 In adults, initial stages of hypertension are associated with elevated sympathetic drive, 15 and, as a corollary, with significant alterations in indirect autonomic markers, such as a reduced baroreflex gain and an altered profile of RR interval variability, evident already in subjects with high-normal (or prehypertensive) pressure values. 16 Autonomic dysregulation is also observed in adult obesity, 17 particularly if accompanied by hypertension. 18 The aim of this study was to assess whether noninvasive analysis of the RR interval and arterial blood pressure variability in time and frequency domains could detect early autonomic alterations in children with arterial pressure values in the highest percentile range, as compared with a control population of similar age.
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Methods
As part of an epidemiological study 19 considering primary school children, we enrolled 38 children with arterial pressure (AP) values Ͼ95th percentile for age, gender, and height (defined as hypertensive subjects [Ht] ). In addition, we studied 16 children with AP between the 95th and 90th percentile (prehypertensive subjects [Pre-Ht]) and 21 children with AP Ͻ90th percentile (control subjects [C]). Pre-Hts and Hts were also subjected to blood drawing for chemistry and metabolic analysis. All of the children were also studied by echocardiography (Aloka ProSound SSD 5000). After clinical examination, children were finally subjected to ECG and noninvasive continuous AP assessment (Task Force Monitor, CNSystems) for 10 minutes of rest followed by 10 minutes of unaided standing to subsequently evaluate autonomic regulation. A software tool (HeartScope 20 ), based on a sympathovagal model, 21, 22 23 and nonlinear 24 modulation (Ro index) of the sino atrial node. HeartScope also computes baroreflex slope (BRS) by sequence analysis 25 and index alpha 26 by spectral analysis. The study was approved by the institutional review committee, and all of the children's parents gave their informed consent. All of the statistical computations were performed with a commercial statistical package (SPSS 13) setting significance at PϽ0.05.
Results

Baseline Population Values
By design in the 3 considered groups, age distribution was similar, whereas AP was progressively and significantly greater from Cs to Pre-Hts and to Hts; body mass index (BMI) was also greater in the Pre-Ht and Ht groups (see Table 1 ). Echocardiographic evaluation showed slight increase in intraventricular septum and posterior wall thickness in the Ht and Pre-Ht groups as compared with Cs. Left ventricular mass indexed by height was also slightly increased in Hts and Pre-Hts as compared with Cs. Metabolic assessment (performed only in Ht and Pre-Ht groups) showed nonsignificant group differences in examined variables (all in reference range).
Autonomic Evaluation
Regarding differences between groups at rest ( Table 2 and Figure 1 ), significant differences were observed in monovariate time and frequency domain measures, being RR interval, total variance, and absolute values of LF RR and HF RR components slightly and gradually decreased from C to Pre-Ht and to Ht. Insignificant changes were observed in normalized oscillatory markers, whereas a gradual significant increase in the nonlinear Ro index was noticed ( Table 2 and Figure 1 ).
Bivariate indices of spontaneous baroreflex demonstrated a consistent gradual reduction in sensitivity from C to Pre-Ht and Ht both in the case of BRS and of the index ␣. These changes remained significant after BMI correction (Table 2 and Figure 1 ). It should also be noted that the index ␣ and BRS provided quite similar results, as demonstrated by the Bland-Altman plot, with essentially no bias (bias: Ϫ0.01Ϯ0.04 ms/mm Hg; graphics not shown for simplicity).
Regarding effects of active orthostatism (Table 3) , active orthostatism, as compared with resting condition, induced in all 3 of the considered groups a significant reduction of RR interval and of RR interval variance (and as a corollary a reduction of its absolute spectral components). Standing induced a significant increase of LF RR in normalized units and, conversely, a reduction of HF RR normalized units. Both indices of spontaneous baroreflex sensitivity (␣ index and BRS) were significantly reduced by active orthostatism, being the reduction of ␣ index significantly greater in the C group as compared with Pre-Ht and Ht groups. Small changes in systolic AP (SAP) were noted: some increase in C contrasted with some decrease in Ht.
Correlations
The ␣ index correlated significantly with cardiovascular (heart rate, SAP, and diastolic AP), echocardiographic (intraventricular septum but not posterior wall nor left ventricular mass indexed by height), and autonomic variables (Table 4 and Figure 2 ). The general profile also remained after BMI correction, with the exception of echocardiographic indices. BRS values demonstrated a similar link with hemodynamic and autonomic variables, albeit of lesser magnitude. Multiple stepwise regression analysis suggested that the ␣ index could be predicted by the combination RR variance, systogram, Ro, and heart rate, whereas BRS could be predicted only by RR variance and systogram.
Discussion
In this investigation, we report that children with AP values above the 95th percentile for age, gender, and height, ie, in the hypertensive range, demonstrate a significant impairment of the spontaneous baroreflex and a reduction in RR variability, suggesting defective vagal regulation of the SA node. Similar impairment is observed also in children whose AP falls short of this limit, ie, in the prehypertensive range.
It is well recognized that essential hypertension, in adults, is characterized by complex disturbances of cardiovascular regulation. In this context, circumstantial and direct evidence suggest a mechanistic involvement of the autonomic nervous system and, in particular, a shift of the sympathovagal balance, 15, 16 more evident in the early stages, and accompanied by an impairment of stimulated and spontaneous baroreflex. 27, 28 Computer analysis of RR and AP variabilities showed alterations in time and frequency domain markers of autonomic regulation, inclusive of a lesser increase with stand of the normalized powers of the LF and HF components, observed not only in patients with hypertension but also in subjects with AP in the high reference range. 16 Considering the slowly progressive nature of essential hypertension, it is conceivable that early assessment of related (mal) adaptive changes (eg, altered cardiovascular regulation) in hypertensive children might represent a unique clinical model to delve into the influence of various mechanisms underlying the progression of the disease since its inception. Data presented in this study suggest that selective early autonomic alterations, notably, baroreflex impairment, could precede the development of hypertension and not the opposite, possibly by way of obesity-linked carotid artery thickening. 29 Accordingly, we might argue that the likely attendant reduction of carotid artery distensibility, by impairing the functional properties of this major reflexogenic area, 30 would reset the reflex autonomic balance to a slightly less vagal tone and the hemodynamic equilibrium to a slightly higher AP. This hypothesis, although supported by the observed strong inverse correlation between baroreflex sensitivity and AP (Figure 2) , cannot be taken to imply causality.
The thesis of a key role of baroreflex impairment in childhood hypertension is conversely corroborated by concordant findings of the various techniques used to explore spontaneous (dys)regulation of the baroreflex. 25, 26 However, a significant role of the heart, suggested by the link between baroreflex measures and indices of cardiac performance (either heart rate or echocardiographic parameters), cannot be simply dismissed.
The spontaneous baroreflex can be assessed by a variety of models, 31 but essentially 2 approaches are of more common use in clinical studies: one based on time domain measures, ie, the so called BRS 25 by the sequence method, and a second one, based on bivariate spectral analysis techniques, usually named the ␣ index. 26 As reported previously in adults, 31 and also shown in this study in the case of children, BRS and ␣ index provide quite similar results, with no evident bias when examined with a Bland-Altman approach. A recognized limitation of the BRS-␣ index approach is that the underlying model implicitly assumes that changes in RR are fully explained by changes in SAP variability, 32 without explicit allowance for the difference between feed-back and feed-forward pathways or for the effects of other inputs or noise, such as chemoreflexes or metaboreflexes.
Overall, both methodologies used in this study clearly indicate that baroreflex gain is relatively reduced both in Ht and Pre-Ht children. Our study, however, did not address a possible molecular or genetic underpinning of this observation. We report that baroreflex gain, as assessed by the ␣ index, is significantly correlated to hemodynamic values, such as heart rate and SAP, as well as to autonomic indices, particularly nonlinear ones, and to BMI. Similar correlations are observed also in the case of BRS. The ␣-index is also correlated with some echocardiographic measures of the left ventricle, suggesting a possible initial inhomogeneous cardiac involvement. This link is, however, lost when correcting for BMI, corroborating the well-known interaction between obesity and hypertension on cardiac mass, 33 also in childhood. Stepwise regression analysis confirmed the tight link between measures of spontaneous baroreflex and either RR variance or AP.
Data also clearly show, as a corollary, that pressure group values are strongly affected by BMI 13 and, thus, focus on the potentially unitary pathophysiologic mechanisms of autonomic and metabolic disturbances. However, this side of the problem could not be fully analyzed, insofar as C children, for ethical reasons, were not subjected to metabolic assessment, and we did not examine children with diabetes.
Regarding indices of autonomic regulation of the SA node, spectral analysis revealed small but not significant differences between pressure groups, that, as in adults, 16 were characterized by a slight prevalence of LF oscillations in the Ht group. Conversely nonlinear methods, such as the regularity index (Ro), appeared significantly different in the 3 groups. Given the strong correlation between Ro and baroreflex gain, we could, thus, hypothesize that baroreflex mechanisms play a key role in determining nonlinear properties of short-term RR variability in children.
As for the stand-induced changes in autonomic parameters, a clear response to the orthostatic stimulus was apparent in all of the groups, at variance with what occurs in adult hypertensive patients 16 who display a markedly diminished responsiveness, again suggesting that we were, indeed, exploring autonomic dysfunction in the making, well before full development of hypertensive autonomic dysregulation. Globally considered, the hypertensive phenotype, thus, appears in children associated to reduced baroreflex gain and initial signs of accentuated cardiac function. 34 In this context, autonomic evaluation might provide a valuable surrogate end point for behavioral preventive strategies, based on tailored lifestyle changes, 35 such as healthy eating habits and regular aerobic exercise. 36 Indeed, several years ago we showed 26 that moderate aerobic exercise was capable, in mildly hypertensive adults, not only to reduce AP values but also to increase baroreflex gain, as assessed by the ␣ index.
In children, the definition of hypertension is based on a probabilistic 13 (subjects with AP values above a determined percentile are considered hypertensive) and not an epidemiological (subjects with AP values shown to be associated with an increased cardiovascular risk) criteria as in adults. Our data showing that autonomic alterations are present even in children with AP values not permanently above the 95th percentile corroborate the concept that criteria to define hypertension in children should avoid predetermined generalized thresholds 37 and could be complemented by ancillary measures, such as autonomic evaluation.
Perspectives
The findings of this observational study, in spite of its limitations, show the presence in hypertensive and in prehypertensive children of an autonomic dysfunction, characterized by reduced RR variance and marked baroreflex impairment. These findings should be viewed in the context of an attendant progressive cardiac and metabolic involvement, suggestive of an early impairment of vagal regulation of the SA node, that could guide personalized hypertensive therapy 38 and prevention by way of autonomic and baroreflex assessment. Because in these children, Ht and Pre-Ht groups spent more time being inactive (studying and/or watching television) and less time in sport activity (please see Table S1 , available online at http://hyper.ahajournals.org), we believe that an ideal intervention might start by considering increasing the structured time dedicated to exercise and sport. 
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